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A new wave of COVID-19 cases caused by the highly 
transmissible delta variant is exacerbating the worldwide 
public health crisis, and has led to consideration of the 
potential need for, and optimal timing of, booster doses 
for vaccinated populations.’ Although the idea of further 
reducing the number of COVID-19 cases by enhancing 
immunity in vaccinated people is appealing, any decision 
to do so should be evidence-based and consider the 
benefits and risks for individuals and society. COVID-19 
vaccines continue to be effective against severe disease, 
including that caused by the delta variant. Most of the 
observational studies on which this conclusion is based 
are, however, preliminary and difficult to interpret 
precisely due to potential confounding and selective 
reporting. Careful and public scrutiny of the evolving 
data will be needed to assure that decisions about 
boosting are informed by reliable science more than by 
politics. Even if boosting were eventually shown to 
decrease the medium-term risk of serious disease, 
current vaccine supplies could save more lives if used in 
previously unvaccinated populations than if used as 
boosters in vaccinated populations. 

Boosting could be appropriate for some individuals in 
whom the primary vaccination, defined here as the 
original one-dose or two-dose series of each vaccine, 
might not have induced adequate protection—eg, 
recipients of vaccines with low efficacy or those who are 
immunocompromised’ (although people who did not 
respond robustly to the primary vaccination might also 
not respond well to a booster). It is not known whether 
such immunocompromised individuals would receive 
more benefit from an additional dose of the same vaccine 
or of a different vaccine that might complement the 
primary immune response. 

Boosting might ultimately be needed in the general 
population because of waning immunity to the primary 
vaccination or because variants expressing new antigens 
have evolved to the point at which immune responses to 
the original vaccine antigens no longer protect adequately 
against currently circulating viruses. 

Although the benefits of primary COVID-19 vaccination 
clearly outweigh the risks, there could be risks if boosters 
are widely introduced too soon, or too frequently, 
especially with vaccines that can have immune-mediated 
side-effects (such as myocarditis, which is more common 
after the second dose of some mRNA vaccines,’ or 
Guillain-Barre syndrome, which has been associated with 
adenovirus-vectored COVID-19 vaccines’). If unnecessary 
boosting causes significant adverse reactions, there could 


be implications for vaccine acceptance that go beyond 
COVID-19 vaccines. Thus, widespread boosting should 
be undertaken only if there is clear evidence that it is 
appropriate. 

Findings from randomised trials have reliably shown 
the high initial efficacy of several vaccines, and, less 
reliably, observational studies have attempted to assess 
the effects on particular variants or the durability of 
vaccine efficacy, or both. The appendix identifies and 
describes the formal and informal reports from these 
studies. Some of this literature involves peer-reviewed 
publications; however, some does not, and it is likely that 
some details are importantly wrong and that there has 
been unduly selective emphasis on particular results. 
Together, however, these reports provide a partial but 
useful snapshot of the changing situation, and some 
clear findings emerge. The figure summarises the 
reports that estimated vaccine efficacy separately for 
severe disease (variously defined) and for any confirmed 
SARS-CoV-2 infection, plotting one against the other. A 
consistent finding is that vaccine efficacy is substantially 
greater against severe disease than against any infection; 
in addition, vaccination appears to be substantially 
protective against severe disease from all the main viral 
variants. Although the efficacy of most vaccines against 
symptomatic disease is somewhat less for the delta 
variant than for the alpha variant, there is still high 
vaccine efficacy against both symptomatic and severe 
disease due to the delta variant. 

Current evidence does not, therefore, appear to show a 
need for boosting in the general population, in which 
efficacy against severe disease remains high. Even if 
humoral immunity appears to wane, reductions in 
neutralising antibody titre do not necessarily predict 
reductions in vaccine efficacy over time, and reductions 
in vaccine efficacy against mild disease do not necessarily 
predict reductions in the (typically higher) efficacy 
against severe disease. This effect could be because 
protection against severe disease is mediated not only by 
antibody responses, which might be relatively short lived 
for some vaccines, but also by memory responses and 
cell-mediated immunity, which are generally longer 
lived.’ The ability of vaccines that present the antigens of 
earlier phases of the pandemic (rather than variant- 
specific antigens) to elicit humoral immune responses 
against currently circulating variants“ indicates that 
these variants have not yet evolved to the point at which 
they are likely to escape the memory immune responses 
induced by those vaccines. Even without any changes in 


www.thelancet.com Published online September 13, 2021 https://doi.org/10.1016/S0140-6736(21)02046-8 





Q'*® 


CrossMark 





Published Online 
September 13, 2021 
https://doi.org/10.1016/ 
$0140-6736(21)02046-8 


Office of Vaccines Research and 
Review, Food and Drug 
Administration, Silver Spring, 
MD, USA (P R Krause MD, 

M F Gruber PhD); Department 
of Biostatistics, University of 
Washington, Seattle, WA, USA 
(Prof T R Fleming PhD); Nuffield 
Department of Population 
Health, University of Oxford, 
Oxford, UK (Prof R Peto FRS); 
Department of Biostatistics, 
University of Florida, 
Gainesville, FL, USA 

(Prof! M Longini PhD); University 
of the West Indies, Mona, 
Jamaica (Prof J P Figueroa PhD); 
Population Health Sciences, 
Bristol Medical School, 
University of Bristol, Bristol, 
UK (Prof J A C Sterne PhD, 

Prof J PT Higgins PhD); 
Universidad Nacional 
Autónoma de México, DF, 
Mexico (A Cravioto PhD); Wits 
Reproductive Health and HIV 
Institute, Johannesburg, 
South Africa (Prof H Rees MD); 
Centre of Research in 
Epidemiology and Statistics 
(CRESS), Université de Paris, 
Paris, France (Prof | Boutron PhD); 
MRC Population Health 
Research Unit, University of 
Oxford, Oxford, UK 

(Prof H Pan PhD); The INCLEN 
Trust International, New Delhi, 
India (Prof N Arora MD); World 
Health Organization, Geneva, 
Switzerland (F Kazi PhD, 

R Gaspar PhD, 

S Swaminathan MD, M J Ryan MD, 
A-M Henao-Restrepo MD) 


Correspondence to: 

Dr Philip R Krause Office of 
Vaccines Research and Review, 
Food and Drug Administration, 
Silver Spring, MD 20993, USA 
philip.krause@fda.hhs.gov 


or 


Dr Ana-Maria Henao-Restrepo 
World Health Organization, 
Geneva 1211, Switzerland 
henaorestropa@who. int 


See Online for appendix 


Viewpoint 










A 
a) E (3)2 
& ae 
g i 26 reports l i 
ğ 90 | i g i i A 
5 D 
£ ! ; i 
5 807 | 
2 ! ! ! 
9 704 | 
SN ! i i 
5 
5 604 | ! ! 
v i 1 1 
= ! : | 
Š soy à 

04YA i 

C 





Vaccine efficacy against severe disease (%) 


ae Vector 
ue mRNA 

90 + 

| + d Protein 
80 nactivate subunit 

(7) (1) 

70 
60 
50 


4 


O 50 60 70 80 90 100 Oo 50 60 70 80 90 100 


Vaccine efficacy against any infection (%) Vaccine efficacy against any infection (%) 

















Figure: Vaccine efficacy against severe disease versus vaccine efficacy against any infection 

Review of published or informal reports of vaccine efficacy (with a 95% Cl) in observational or in randomised 
studies (appendix pp 3-4) that gave results both for severe disease and for any infection. Plotted are inverse- 
variance-weighted means (and 95% Cls) of the reported vaccine efficacy (giving the number of studies 
contributing to that mean), subdivided by (A) Vaccine efficacy against any infection (50% to <80%, 80% to <90%, 
>90%). (B) Viral variant. (C) Type of vaccine (viral vector, inactivated SARS-CoV-2, adjuvanted protein subunit, 

or mRNA). (D) Studies reporting vaccine efficacy early (more recently relative to vaccination) or later (less recently 
relative to vaccination) during the follow-up of the same observational study. 


vaccine efficacy, increasing success in delivering vaccines 
to large populations will inevitably lead to increasing 
numbers of breakthrough cases, especially if vaccination 
leads to behavioural changes in vaccinees. 

Randomised trials are relatively easy to interpret reliably, 
but there are substantial challenges in estimating vaccine 
efficacy from observational studies undertaken in the 
context of rapid vaccine roll-out. Estimates may be 
confounded both by patient characteristics at the start of 
vaccine roll-out and by time-varying factors that are 
missed by electronic health records. For example, those 
classified as unvaccinated might include some who were 
in fact vaccinated, some who are already protected because 
of previous infection, or some whose vaccination was 
deferred because of COVID-19 symptoms. The likelihood 
that there are systematic differences between vaccinated 
and unvaccinated individuals may increase as more 
people get vaccinated and as patterns of social interaction 
between vaccinated and unvaccinated people change. 
Apparently reduced efficacy among people immunised at 
the beginning of the pandemic could also arise because 
individuals at high risk of exposure (or of complications) 


were prioritised for early immunisation. Among 
vaccinated people, more of the severe disease could be in 
immunocompromised individuals, who are plausibly 
more likely to be offered and seek vaccination even though 
its efficacy is lower than it is in other people.’ Test-negative 
designs, which compare vaccination status of people who 
tested positive and those who tested negative, can 
sometimes reduce confounding,’ but do not prevent 
distortion of results due to the so-called collider bias.’ The 
probability that individuals with asymptomatic or mild 
COVID-19 infection will seek testing might be influenced 
by whether they are vaccinated. In addition, outcomes 
may be affected over time by varying stress on health-care 
facilities. However, careful observational studies that 
examine efficacy against severe disease remain useful and 
are less likely to be affected by diagnosis-dependent biases 
over time than are observational studies of milder disease, 
and could therefore provide useful indicators of any 
changes in vaccine-induced protection. 

To date, none of these studies has provided credible 
evidence of substantially declining protection against 
severe disease, even when there appear to be declines 
over time in vaccine efficacy against symptomatic 
disease. In a study in Minnesota, USA,” point estimates 
of the efficacy of mRNA vaccines against hospitalisation 
appeared lower in July, 2021, than in the previous 
6 months, but these estimates had wide confidence 
intervals and could have been affected by some of the 
issues described above. Of interest, reported effectiveness 
against severe disease in Israel was lower among people 
vaccinated either in January or April than in those 
vaccinated in February or March," exemplifying the 
difficulty of interpreting such data. A recent report on the 
experience in Israel during the first 3 weeks of 
August, 2021, just after booster doses were approved and 
began to be deployed widely, has suggested efficacy of a 
third dose (relative to two doses). Mean follow-up was, 
however, only about 7 person-days (less than expected 
based on the apparent study design); perhaps more 
importantly, a very short-term protective effect would not 
necessarily imply worthwhile long-term benefit.” In the 
USA, large numbers of adults are fully vaccinated, large 
numbers are unvaccinated, and systematic comparisons 
between them are ongoing. Recent reports of large US 
studies (one from the US CDC’s COVID-NET® and 
two from major health maintenance organisations””) 
demonstrate the continued high efficacy of full 
vaccination against severe disease or hospitalisation. 

Although vaccines are less effective against asymp- 
tomatic disease or against transmission than against 
severe disease, even in populations with fairly high 
vaccination rates the unvaccinated are still the major 
drivers of transmission and are themselves at the highest 
risk of serious disease.“ If new variants that can escape 
the current vaccines are going to evolve, they are most 
likely to do so from strains that had already become 
widely prevalent. The effectiveness of boosting against 
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the main variants now circulating and against even 
newer variants could be greater and longer lived if the 
booster vaccine antigen is devised to match the main 
circulating variants.° There is an opportunity now to 
study variant-based boosters before there is widespread 
need for them. A similar strategy is used for influenza 
vaccines, for which each annual vaccine is based on the 
most current data about circulating strains, increasing 
the likelihood that the vaccine will remain effective even 
if there is further strain evolution. 

The message that boosting might soon be needed, if not 
justified by robust data and analysis, could adversely affect 
confidence in vaccines and undermine messaging about 
the value of primary vaccination. Public health authorities 
should also carefully consider the consequences for 
primary vaccination campaigns of endorsing boosters only 
for selected vaccines. Booster programmes that affect some 
but not all vaccinees may be difficult to implement—so it 
will be important to base recommendations on complete 
data about all vaccines available in a country, to consider the 
logistics of vaccination, and to develop clear public health 
messaging before boosting is widely recommended. 

If boosters (whether expressing original or variant 
antigens) are ultimately to be used, there will be a need to 
identify specific circumstances in which the direct and 
indirect benefits of doing so are, on balance, clearly 
beneficial. Additional research could help to define such 
circumstances. Furthermore, given the robust booster 
responses reported for some vaccines, adequate booster 
responses might be achievable at lower doses, potentially 
with reduced safety concerns. Given the data gaps, any 
wide deployment of boosters should be accompanied by a 
plan to gather reliable data about how well they are working 
and how safe they are. Their effectiveness and safety could, 
in some populations, be assessed most reliably during 
deployment via extremely large-scale randomisation,” 
preferably of individuals rather than of groups. 

Thus, any decisions about the need for boosting or 
timing of boosting should be based on careful analyses of 
adequately controlled clinical or epidemiological data, or 
both, indicating a persistent and meaningful reduction 
in severe disease, with a benefit-risk evaluation that 
considers the number of severe cases that boosting 
would be expected to prevent, along with evidence about 
whether a specific boosting regimen is likely to be safe 
and effective against currently circulating variants. As 
more information becomes available, it may first provide 
evidence that boosting is needed in some subpopulations. 
However, these high-stakes decisions should be based on 
peer-reviewed and publicly available data and robust 
international scientific discussion. 

The vaccines that are currently available are safe, 
effective, and save lives. The limited supply of these 
vaccines will save the most lives if made available to 
people who are at appreciable risk of serious disease and 
have not yet received any vaccine. Even if some gain can 
ultimately be obtained from boosting, it will not outweigh 


the benefits of providing initial protection to the 
unvaccinated. If vaccines are deployed where they would 
do the most good, they could hasten the end of the 
pandemic by inhibiting further evolution of variants. 
Indeed, WHO has called for a moratorium on boosting 
until the benefits of primary vaccination have been made 
available to more people around the world.” This is a 
compelling issue, particularly as the currently available 
evidence does not show the need for widespread use of 
booster vaccination in populations that have received an 
effective primary vaccination regimen. 
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